In Kenya, foliar fertilizers have not found use in tea production despite their numerous advantages as exhibited in other crops. A fertilizer trial test was established in three sites of the major tea growing regions, with 36 plots per site to determine the effects of foliar fertilizer application on tea quality. Two foliar fertilizers were tested; foliar fertilizer 1 (FF1) and foliar fertilizer 2 (FF2), with a positive control of soil fertilizer (SF) and a blank. Two leaves and a bud tea samples were collected every two weeks after each foliar fertilizer application. These were then analyzed for tea quality (total polyphenols, TP), nutrient residues for the different clones and geographical locations. The TP contents for clone TRFK 31/8 were as follows: FF1 = 17.8%, FF2 = 17.9%, SF = 16.56% and Zero = 17.4%. Tukey-Kramer pair wise comparison test results between the foliar fertilizers and SF showed that the FF1 (HSD = 4.78) and FF2 (HSD = 5.27) fertilizers had significantly (P < 0.05) higher levels of TP content as compared to control SF fertilizer. Nutrients analyzed had average means as follows: N = 4% -5%, P = 0.25% -0.28%, K = 1.35% -1.69%, Ca = 0.3 -0.5 ppm, Mg = 0.19 -0.27 ppm, Mn = 0.05 -0.13 ppm, Zn = 25 -40.5 ppm, Cu = 11 -17 ppm and Fe = 72 -122 ppm. The nutrient residue levels had non-significantly statistical differences at P < 0.05 level between pairs of zero applied plots and the FF1, FF2 and SF applied plots respectively. It was concluded that the foliar fertilizers increased the TP content in tested tea samples and the nutrients analyzed were all within the dietary reference intake (DRI) levels for SF, FF1 and FF2. Overall, the foliar fertilizer increased the quality of the tested tea samples.
Introduction
Tea (Camellia sinensis (L.) O. Kuntze) is grown as a perennial monoculture and fertilizer application plays a vital role for its economic production [1] . Fertilizers improve the nutritional status of plants and soil for the plants. Tea is grown on recommended optimal soil conditions that are described as deep soils, well aerated with pH tending toward acidic (4.5 -5.6 pH levels). Fertilizer application is an important part of the normal intensive production of tea [2] , and one of the regular field management practices with significant bearing on both yield and quality of tea [3] .
Foliar application of fertilizers is becoming increasingly the most effective way to increase yield and plant health. Experiments have shown that foliar feeding can increase yield from 12 to 25 percent when compared to conventional soil fertilizer application [1] . Foliar fertilizers widely used in vegetable and fruit crops, contain various macro and micronutrients essential for proper growth and yield [1] [4] . Foliar applications are best suited for new flush as the young leaves readily absorb nutrients [5] . The leaves are green factories where the complex chemical processes of photosynthesis produce the compounds, needed for plant growth. Foliar fertilizers are absorbed right at the site where these are used as quite fast acting, whereas much of soil fertilizers may never go to plants [1] . Despite the advantages of foliar fertilizers exhibited in other, it has not yet found extensive use in tea production in Kenya, except to correct Cu and Zn nutrient deficiencies in Malawi and Kenya respectively [6] and Mg in Nigeria [7] , where they successfully reduced nutritional stress on tea plants.
The major chemical compounds present in the green leaf are carbohydrates, proteins, amino acids, lipids, polyphenols, caffeine, minerals and fiber. Young tea shoots are rich in polyphenolic compounds, the largest group being the catechins. These phenolic compounds are known to be one of the main factors in determining the quality of the resulting tea drink [8] , hence total polyphenol contents are currently being used as indicators of black/green tea quality [9] . The polyphenols are primarily responsible for the beneficial healthful properties of tea [10] . The quality of tea mainly depends on the standard of the green leaf, and this is affected by agronomic practices among other factors. In Kenya, tea is grown free of agrochemicals to guarantee the consumer, safe and quality tea drink. There is hence the need to establish the effects of application of foliar fertilizer on total polyphenol content and nutrient residue levels in order not to comprise on quality of tea produced. Therefore, the aim of this study was to investigate foliar fertilizer Nitrogen, Phosphorus and potassium (NPK) uptake in different tea varieties in Kenya and determine its effects on tea quality changes and the levels of nutrient residues in tea leaf after foliar fertilizer application.
Methodology

Experimental Sites
The trial comprising of three experimental sites which represent the major tea growing regions in Kenya (East and West of the Great Rift Valley)-Timbilil estate, Tea Research Foundation of Kenya (TRFK), Kericho, clone TRFK 31/8; Kenya Tea Development Authority (KTDA)-Kangaita farm, Kirinyaga, clone TRFK 6/8; Michimikuru Ltd., Co. farm, Meru, clone EPK D99/10-was established in September 2010. Each site comprised of 36 plots and the trial was set up in a randomized complete block design with three replications of three fertilizer types; two NPK foliar fertilizers (FF1 and FF2) and the convectional NPK soil applied fertilizer (SF).
Fertilizers and Their Application Rates
Two foliar fertilizers and one soil applied fertilizer were used in the fertilizer trial; Maj Tea foliar fertilizer, a water soluble formulation with the elemental composition; NPK 24:24:18 + Trace elements 0. Application rates used were Nil, Half rate, Full rate and Double rates. The specific fertilizers were coded as, FF1 0 , FF1 ½ , FF1 1 , FF1 2 , and FF2 0 , FF2 ½, FF2 1 , FF2 2 , for Maj and T foliar fertilizer respectively and 0, 75, 150, and 225 Kg N/ha/year for soil applied fertilizer (SF) which was treated as the positive control. The amount of fertilizers to be applied, both foliar and soil, were calculated based on the number of bushes per plot and the spacing of the tea bushes. The average amounts applied per plot for each fertilizer type are shown ( Table 1) . Spraying of foliar fertilizers was done after plucking to allow 14-day interval before next plucking of samples which would be analyzed. A 15-liter hand-operated knapsack sprayer was used and spraying was done such that each plot of the three replicates of the same fertilizer and rate of application would be sprayed with 5 liters of the 15 liters foliar fertilizer. Spraying was done such that the sprayer was a few inches from direct contact with the upper side of the leaves and then it was brushed just below the plucking surface to spray the lower side of the leaves. All fertilizer applications were done early in the morning.
Laboratory Analysis for Total Polyphenols and Nutrient Residues
Sampling and Sample Processing
A plucking round length of 10 -14 days was applied throughout the experiment period and samples of two leaves and a bud shoots were collected every successive plucking day from each plot in each site for chemical analyses, with a total of hundred and eight samples collected in total for each plucking round. The plant sample (leaf) was dried immediately in an oven at 105˚C for 24 hours to stop enzymatic activity. The material was then mechanically ground to a fine powder (using a coffee miller) to obtain a homogeneous sample from which a representative sample was taken.
Analysis of Total Polyphenols and Nutrient Residues 1) Treatment of Samples for Total Polyphenol analysis
Two grams of the milled samples were placed on pre-weighed moisture free dish and left for 16 hours at 103˚C in the oven to dry. The ground leaf samples (0.2 g) were extracted with five milliliter of 70% hot methanol/water mixture. Heating of the extraction tube continued in the water bath for 10 minutes with mixing in the vortex mixer after every 5 minutes. The extraction tubes were removed from the water bath, allowed to cool to room temperature and stoppers removed. Centrifuging was done for 10 minutes at 3500 revolutions per minute (rpm). The supernatant was carefully decanted into graduated tubes. Extraction steps were repeated; the extracts combined and made up to 10 ml with cold methanol/water mixture. The contents were finally mixed using a vortex. The Folin-Ciocalteu phenol reagent method was used to determine total polyphenols as described by [11] .
2) Nutrient Residue analysis Samples were subjected to N, P, K, Ca, Mg, Mn, Fe, Zn, and Cu chemical analysis. Total Nitrogen analysis was done using Kjeldahl method, Phosphorus analysis using Colorimetric/Spectrophotometric method, with UV-Vis Spectrophotometer UV-1800, Shimadzu, ENG240V, Potassium analysis using Corning 400 Flame Photometry and Ca, Mg, Mn, Cu, Zn, and Fe were analyzed using Atomic Absorption Spectrometer (AAS) Model SpectrAA-30 Varian.
Statistical Analysis
All the determinations were carried out in triplicate and the data were subjected to one-way analysis of variance (ANOVA) whereby analysis for each variable separately i.e. by fertilizer type (zero, FF1, FF2, SF) and by rates of application (zero, half, full and double) was done. This was followed by the Tukey-Kramer range test to establish the honest significant difference (HSD) in means between the various group means at P < 0.05 confidence level. HSD is minimum distance between two group means that must exist before the difference between the two groups is considered statistically significant.
Results
The results for total tea polyphenol contents of the 2 leaves and a bud for a period of six months (September 2010 to June 2011) are given below ( Table 2) . Pair wise comparison test for the fertilizers types showed that the FF1 (HSD = 4.78) and FF2 (HSD = 5.27) fertilizers produced tea leaves with significantly (P < 0.05) higher levels of total polyphenol content as compared to control SF fertilizer. The comparison by rates showed a significant increase between half and double rates (HSD = 4.04).
The results for nutrient residue levels are given such that the leaf nutrient sampling conducted during this project allowed comparisons of actual leaf nutrient residue levels on the three sites with the dietary reference intake (DRI) values for food safety. Pair wise comparisons were done between the results of the zero applied plots and the FF1, FF2 and SF applied plots respectively, to establish the changes in nutrients level in. In Kericho site results (Table 3 ) from the pair wise comparisons, the nutrient levels analyzed were obtained not significantly different at P < 0.05 after both foliar and soil fertilizer (with the exception of N, HSD = 10.5, P < 0.05 for SF) at the different application rates. However, all the elements analyzed were within acceptable daily uptake levels for consumption as indicated in Table 2 . In Kirinyaga site (Table 4), the levels of N were significantly higher for SF (HSD = 6.25) and iron (Fe) for FF2 fertilizer (HSD = 4.07) as compared to zero treatments. From rates of application pair wise comparison, on Fe showed a significant change in full rates (HSD = 5.24) from zero rates, showing that Fe was absorbed effectively at full rates of FF2. However, for P, K, Ca, Mg, Mn, Zn, and Cu there were no statistically significant differences for the treatments and their application rates. The levels of all nutrients analyzed were within the DRI levels ( Table 5 ). In Meru site (Table 4) , the pair wise comparison by fertilizer showed that for SF had significantly higher levels than zero fertilizers of N (HSD = 5.0), P (HSD = 4.1) and Zn (HSD = 5.10) at P < 0.05. FF2 had significantly higher levels than zero treatments of P (HSD = 4.05), Mg (HSD = 7.0), Zn (HSD = 4.7) and Fe (HSD = 4.8) at P < 0.05. FF1had significantly higher levels of mg (HSD = 3.85) as compared to zero treatment at P < 0.05. Pair wise comparison by rates showed that for P, full (HSD = 4.7) and double (HSD = 4.4) rates of application led to a significant increase in the levels of nutrient in the sample from zero rate. For Mg, half (HSD = 4.0) and double (HSD = 5.3) rates led to significantly higher levels of Mg as compared to zero rates while for Zn, full rates (HSD = 5.7) had significantly higher levels than zero applied plots. All nutrients analyzed were within the DRI levels (Table 6) in this site.
Discussion
In this study, the foliar fertilizers (FF1 and FF2) had significant higher total polyphenol (TP) levels than SF which was indicative of improved the quality of tested tea samples. This is because tea total polyphenols have gained predominance in determination of tea quality, hence used as primary markers of quality in tea [9] [12]. These results were achieved not withstanding the considerable lower amounts of foliar fertilizers applied as compared to the control SF by a factor of 1:5:107 (FF1:FF2:SF) per hectare. This is because application of nutrients on leaves increases the activity of the leaves since these nutrients are applied right on the sites where they are needed i.e. the green factories of the plant where photosynthesis takes place hence these nutrients can be quickly converted into compounds need for plant growth, unlike in soil applied fertilizers where most of the nutrients may never go to the plant due to loses through leaching, volatilization, denitrification etc. Previous studies revealed that total leaf polyphenols increased as a result of foliar fertilizer application, which was attributed to the presence of micronutrients in the foliar fertilizers [13] . However, existence of seasonal variations in qual- ity of made tea has been reported [14] [15] and studies have also shown that tea quality parameters, quality precursors and yields changed with geographical area of production within East Africa [16] . The three sites, each having a different clone responded differently to the nutrients from the applied fertilizers. This is indicative of the different nutritional status in different tea clones and in different geographical locations. It was observed that clone EPK D99/10 had the most significantly increased levels of P (HSD = 4.05, 4.1 for FF1 and FF2), Mg (HSD = 3.85, 7 for FF1 and FF2), Zn (HSD = 5.1 for FF2), and Fe (HSD = 4.8 for FF2) resulting from the foliar fertilizer applications (FF1 and FF2), while for clone TRFK 31/8 and clone TRFK 6/8 only N was significantly increased by the SF fertilizer. This was corroborated by studies that have shown that the differences in the total elemental contents could be influenced by many aspects: primarily the age of the tea leaves, but also the genetic make-up of the plant, soil conditions, rainfall, and altitude [17] . In India, levels of micronutrients in teas change with locations [16] . The amounts of macronutrient removed via plucking vary with the type of cultivator and geographical location hence the uptake of the nutrients will also differ hence the differences in nutrient levels observed across the sites. Tea bush is known to accumulate trace elements. Several studies have reported that teas from various countries have Ca, Na, Mg, K, and Mn present in tea at mg/g while Cr, Fe, Co, Ni, Cu, Zn and Cd occurred at low level of µg/g range [16] . Studies have shown that drinking tea can be used as a major source of dietary Mn [18] [19], Zn and Al [20] . Copper contamination in tea remains a concern and practices should be used to ensure food safety from excessive Cu [18] . After foliar fertilizer application, it was pivotal to compare the actual nutrients after chemical analyses with the theoretical recommended nutrient dietary levels, to assess the amount of possible uptake of some of the elements through drinking of tea. Dietary reference intake (DRI) is a set of reference values used to plan and assess nutrient intakes of healthy people and is provided by the regulatory agencies to define intake, supplementation and toxicity. Results could be a source of information with regard to quality and standards, medicine, nutrition and pollution [19] [21] .
In all the three sites, the nutrients were within the recommended DRI levels ( Table 6 ) for both the foliar fertilizers and the soil fertilizer. This was because despite the direct application of the foliar fertilizers on the leaves, the amounts therein were very small as compared to the soil fertilizers as seen in Table 1 .
Conclusions
Tea total polyphenol contents average means for clone TRFK 31/8 was FF1 = 17.8%, FF2 = 17.9%, SF = 16.56%. Pair wise comparison between the foliar fertilizers and soil fertilizer showed that the FF1 and FF2 had significantly higher levels of TP content than SF with FF1, HSD = 4.78 and FF2, HSD = 5.27. This was indicative of improved quality by the foliar fertilizers more than that by the soil fertilizer. It is worth noting that the quantities of foliar fertilizer applied were very lower compared to the soil fertilizer application by a factor of 1:5:107 (FF1:FF2:SF) per hectare. This demonstrated high efficiency in foliar fertilizer uptake since the low amounts applied led to significant changes in TP levels. Therefore, the foliar fertilizers had significant positive effect on the overall quality of tea leaves picked.
The residue nutrients analyzed were N, P, K, Ca, Mg, Mn, Zn, Cu and Fe and had average means as follows: N = 4% -5%, P = 0.25% -0.28%, K = 1.35% -1.69%, Ca = 0.3 -0.5 ppm, Mg = 0.19 -0.27 ppm, Mn = 0.05 -0.13 ppm, Zn = 25 -40.5 ppm, Cu = 11 -17 ppm and Fe = 72 -122 ppm for the trial fertilizers. These were compared with the theoretical DRI values which showed that no residues resulted when two leaves and a bud samples were picked two weeks after foliar fertilizer application. All the nutrients analyzed were within the DRI levels for SF, FF1 and FF2 applications. The study also demonstrated that the nutritional requirements for tea are dependent on the type of clone and the geographical location. In Meru site, clone EPK D99/10, significant increases were recorded for FF2 fertilizer in P, Mg, Zn and Fe nutrients as compared to zero applied plots, with HSD of 4.05, 7.00, 4.67 and 5.24 respectively at P < 0.05. Moreover, FF1 levels of Mg were significantly higher than that for zero applied plots (HSD = 3.85).
